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Abstract - Geo-Information Systems (GIS) are software for the 
handling and analysis of spatial data and are at the heart of Geo-
Information Science (GISc).  Most GIS functions require interaction 
with human experts. This is considered problematic since it causes 
extra complexity and increases the amount of resources required. 
Agent Technology has the potential to assist in reducing this problem. 
However the current application of software agents to the GIS domain 
is very limited and fails to take into account the full functionality and 
advantages of Agent Technology. In this paper we discuss the 
application of agents in GIS and argue for the need to produce an 
agent-based framework for GIS. By way of context we define a novel 
agent-based system for one important aspect of GIS, the construction 
of a variogram. We quantitatively compare our architecture with two 
the existing agent-based tools: RePast for ArcGIS and Oracle Agents. 
 
1. Introduction 
 
Geo-Information Science (GISc) is the field of study that 
addresses substantive questions concerning the handling, 
analysis and visualisation of spatial data. Geo-Information 
Systems (GIS) are a key technology for GISc though they 
are often used in conjunction with other technologies to 
form geo-computational environments or core support for 
location-based services (LBS). GIS-related scientific 
questions concern issues of data quality, geostatistics 
(defining spatial dependencies), visualisation, geosimulation 
for a range of applications. Given the breadth of natural, 
social and economic phenomena to which GIS can be 
applied, the expertise of the user can play a pivotal role in 
successful analyses [1]. This is especially true for 
Geostatistics, a branch of GISc concerned with the analysis 
of spatial data and most specifically used in connection with 
defining and measuring spatial dependencies in data and 
applying this in spatial interpolation (contouring). A key tool 
in measuring spatial dependencies is the variogram which 
has the general form [2]: 
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...where h is spatial lag, N is number of data points, z is the 
variable being modelled as determined at points xi and xj. 
The process of constructing the variogram (Fig. 1) and 
modelling the spatial dependencies usually requires heavy 
intervention of an expert (human) user. For example, there 
may be a need to assemble data from across a network, a 
requirement to understand the nature of the data and its 
context, and to fit an appropriate model (e.g. Gaussian, 
spherical, quadratic; plus any anistrophic effects). Tool 
interoperability is also an important consideration in 
variogram construction and other aspects of geostatistics. 
 
 
 
Fig. 1. An example of a fitted variogram model. 
 
Artificial Intelligence (AI) has been extensively used to 
analyse geographical phenomena [3]. In particular, many 
features of AI like neural networks and fuzzy sets have 
already been used in conjunction with GIS [3] [4] [5]. Such 
approaches, however, are not particularly suited to 
heterogeneous data environments with low levels of inter-
operability particularly across networks. This is important 
since GIS tools are made increasingly available through the 
Internet, and are being ported to mobile networks for LBS 
applications [6]. Consequently the issue of interoperability 
urgent needs to be addressed [7] [8]. 
Recently the spotlight has fallen on agent technology as a 
means of solving the above problems. However, from our 
analysis, we feel that the current application of agents in GIS 
is not consistent with the understanding of the concept of 
software agent in the agent community [9]. In particular, 
within the GIS community, the concept of an agent is used 
as a static entity to study emergent behaviour in silico as an 
aid to simulation [10] [11]. However such treatment of 
software agent fails to realise the full potential of the 
technology. Our research is focused on investigating novel 
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ways of using agents in GIS where a primary requirement of 
the applications is the acquisition, verification and 
dissemination of knowledge between agents. In this paper 
we outline an agent-based system that deals with the 
construction and modelling of the variogram, as a significant 
challenge within GIS. We go on to present a quantitative 
comparison of one aspect of the system against two existing 
GIS tools that claim to incorporate characteristics of agent 
technology: RePast for ArcGIS and in Oracle Spatial. 
 
2. The variogram agent-based system 
 
The proposed system has been analysed and designed 
with the aid of the Tropos agent oriented software 
engineering methodology. The agents themselves have been 
constructed using JACK (www.agent-software.com). The 
main actor is the geostatistician requiring construction and 
modelling of a variogram. Decomposing the system to a set 
of agents each responsible for satisfying the system goals 
and tasks results in the following agents (Fig. 2): 
• Data Finder: responsible to acquire data, analysing its 
structure and providing it to the rest of the system. 
• Integrity Checker: responsible for determining errors 
and cleaning the data. 
• Data Analyser: responsible for determining if the type 
of data has been received before or is a new data type. 
Where appropriate it will de-trend the data. 
• Sampler: responsible for determining sample sizes for 
modelling and integrity checking of the variogram. 
• Mathematical Modeller: responsible for applying the 
appropriate formula for the calculation of γ given a 
particular data structure. 
• Strategy Comparer: responsible for checking the 
results produced by Sample and Mathematical 
modeller and determine the accuracy. 
• Model Fitter: responsible for checking the plots and 
for providing a best-fit curve as a model. 
 Our investigation in this paper focuses on the Data 
Finder agent. Fig. 3 models the goals/tasks of this agent. As 
mentioned above, the Data Finder agent is responsible for 
acquiring data and providing data to other agents in the 
system after finding their structure and type. The source of 
the data could be a human input, remote sensing portals, or 
other computing or distributed devices.  Moreover, the Data 
Finder agent depends on the Integrity Checker agent and 
Geostatistician (the expert user) in order to satisfy some of 
its goals. 
 
3. A quantitative comparison of the system 
 
Some aspects of agent technology have already been 
used with GIS [7] [8]. Two key developments have resulted 
in GIS tools: RePast for ArcGIS and in Oracle Spatial. 
 
 
Fig. 2. Decomposition of the variogram system 
 
   
 
 
Fig. 3. Goal analysis for DataFinder agent. 
 
In Oracle, agents are represented as java components 
(classes and interfaces) with specific tasks. The terminology 
employed by these “agents” is consistent with the software 
agent community; however, their functionality and imple-
mentation provide a structure such that they are autonomous 
and reactive but nevertheless would be defined as weak 
agents [9]. Naude and Chandrasekar [12] define the Oracle 
  
Intelligent Agent (OIA) as “an autonomous process that 
needs to run on a remote node in the network to make the 
node Oracle Enterprise Management (OEM) manageable”. 
However their definition determines static objects that help 
connecting a client’s request using a unified gridded server. 
Though these static entities exhibit one of the very important 
and powerful characteristics of agents – autonomicity - they 
lack important functions like social ability and intelligence 
that could play important roles to determine agents as the 
role players of GIS analysis and functionality. Nevertheless, 
Oracle is one of the very few tools that relate agent 
technology as dynamic entities that can represent a process. 
Recursive Porous Agent Simulation Toolkit (RePast) is 
an extension of ArcGIS. Gilbert and Bankes [13] define it as 
“an agent modelling tool that offers simplicity to simulate, 
develop and execute applications of social nature”. In 
RePast agents are viewed as social actors, permeable, 
interleaved and mutually defining with cascading and 
recombinant motives. The agents are implemented using 
multiple languages including Java, Python, C# and the 
support of the .NET framework. An agent in RePast has 
beliefs and desires. 
Neither of the tools just described provide the ability to 
assist in data analysis nor provide ideas on where in the data 
the extra analysis is required and thus provide very little 
help to the data analyst expert. The main difference to the 
system proposed in this paper is that the agents are the 
actual processes that provide services. By services we mean 
they help to actually define the processes that should be 
taken to analyse the data with as little intervention from 
expert users as possible. A comparison can however be 
carried out between our Data Finder agent and equivalent 
functionality by agents in Oracle and RePast. 
 
4. The test environment 
 
The test run made use of the Walter Lake data set that 
can be found in Isaaks and Srivastava [2] for comparison of 
analysis. The data has possible clusters and errors that need 
to be analysed before any GIS can be applied to it if 
accurate results are to be anticipated. The system we 
developed comprises a number of collaborating agents 
where each agent performs autonomously. Thus to be able to 
accurately compare ours with the other two agent based 
systems, the test will only use our Data Finder agent as its 
functionality is very similar to that supported by Oracle and 
RePast. The initial test will be to measure the time taken to 
complete to produce the results. The assumption here is that 
faster is better. We will then examine the accuracy of the 
results according to those provided by Isaak and Srivastava 
[2]. This will lead to an examination of the agents’ 
functionalities in each system and the query complexity. The 
functionality measurement will comprise of the amount of 
features the agent possesses (the agency), the data 
acquisition process and the querying process. The query 
complexity will look at the amount of knowledge required 
from the expert to construct the query. This test is not 
intended to exhaustively examine the result as in GIS 
different analyses can lead to different outcomes. For this 
reason we refrain from putting emphasis on the specific 
outcome but simply compare them to those provided by the 
expert user.  
 
5. The test and results 
 
In our experiment we were not able to utilise the agents 
to provide any help in data analysis but we were able to 
utilise agent for distributing the data. After the query was 
executed the agent was able to send the results to different 
node (agents) execution. This allows parallel execution 
when needed and indeed helps on the speed of the execution 
run (the analysis). In the variogram agent-based system, 
when the Data Finder agent is in running mode (executing), 
the data flow is not only being handled internally it is also 
communicated to the human expert. The human expert view 
of this data is shown Fig 4. The data were found to be 
bivariate and each variable was found to have clusters. The 
data were divided into univariate sets, with errors and 
clusters within the data identified. 
 
 
 
Fig. 4. The exhibition of Data Finder agent. 
 
For Oracle, after the agent mechanism was enabled, a 
select SQL was used to attempt to minimally analyse the 
  
data. Thus the measurement of the time taken and the results 
of the query were recorded. The results are shown in Fig. 
5(a). The same data analysis was carried out using RePast 
on ArcGIS. It was only possible to examine the errors by 
simulating the environment. This is the only feature 
provided by RePast. However it provided the possibility of 
seeing the errors. The results are shown in Fig 5(b). 
 
(a) Oracle Query (b) RePast through ArcGIS 
 
Fig. 5. The results from (a) Oracle and (b) RePast. 
 
The overall results of the investigation are given Table 1. 
The results show that it is possible to achieve similar results 
to that produced by our Data Finder agent, however this 
involves constant interaction with the expert user. It also 
adds its own complexity as the expert user needs to also be a 
SQL query designer, as the query we used here is complex 
PL/SQL with a number of nests. The query process took 3.1 
seconds which is a less then a second slower than our Data 
Finder agent. This difference is negligible except that it 
takes over an hour to prepare the query for the Oracle while 
the Data Finder agent requires no query at all. The authors 
conclude though that the agents in Oracle are useful for 
distributed data environment particularly in heterogeneous 
operating systems but not facilitated to deal with 
intelligence, mobility or any other software agent 
characteristics.  
 
Table 1. the comparison of agent runs. 
 
Seconds  Measured in a scale of 10 
Technology Run to 
completion 
Agent 
functionality 
Accuracy of 
the results 
Complexity of 
query structure 
Oracle 3.1 3 3 10 
RePast (ArcGIS) 6.4 3 5 4 
Data Finder 2.3 6 7 1 
 
 
From the perspective of developing agent-based systems 
for GIS, this test produced satisfactory results particularly 
given the fact that any one geographical problem can be 
tackled in a number of different ways. Each expert tends to 
take their own approach to analysis though hopefully 
converging on the same outcomes and decisions.  
 
6. Conclusion 
 
In GIS this agent framework and architecture offers 
flexibility to the user. It offers the capacity of easy 
extensions, as agents are able to move from one system to 
another if more resources are required. Also it is learning 
from the user so that in time the agent becomes expert and 
requires less and less intervention from the user to solve 
problems. Given the range of data types and contexts in 
which the agent system might be applied to, this is the main 
advantage of applying agents as processes and service 
providers rather than static objects (entities) as tends to 
happen currently where GIS use agent technologies. 
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